Abstract Purpose: Wnt ligands play a major role in development and are important in cancer. Expression microarray analysis correlates one member of this family, WNT5A, to a subclass of melanomas with increased motility and invasion. There are no large studies of clinical samples primarily addressing the importance of WNT5A in melanoma progression or outcome.Therefore, this study aimed to assess the protein expression of WNT5A during melanoma progression and its effect on outcome. Experimental Design: Expression of WNT5A was determined in a series of 59 primary melanomas with matched metastases. To provide a benchmark of progression against which to assess WNT5A, expression of p16 ink4a was analyzed, as this has been previously well documented in melanoma. The effect of WNT5A protein expression on outcome was assessed in 102 melanomas. Results: Cytoplasmic WNT5A showed a trend of increasing expression with melanoma progression (P = 0.013), whereas there was diminishing p16 ink4a expression (P = 0.006). Nevi showed relatively strong WNT5A expression. Strong cytoplasmic WNT5A was an independent risk factor for reduced metastasis-free and overall survival in multivariate analysis (P = 0.001and 0.003, respectively). Conclusion: Cytoplasmic WNT5A increases with melanoma progression and strong expression is associated with poor outcome.
Wnt proteins are a family of ligands whose functions are well known in embryonic development but are increasingly recognized as key proteins in cancer (1) . One member of the family, WNT5A, has been found to play a role in several cancers (2 -8) . In particular, expression of WNT5A has been found to correlate with an aggressive phenotype in melanoma (4, 9, 10) . At present, there are few studies of WNT5A using large sets of clinical melanoma tissue samples, making it difficult to accurately assess its value for predicting outcome or as a potential target for therapy. Such information is important because cutaneous melanoma (CM) is an increasingly common malignancy. Better understanding of metastatic disease is especially important because this can occur very early during progression and entails an extremely poor prognosis.
WNT5A is a ligand in the noncanonical Wnt signaling pathway (10) . On interacting with Frizzled, it activates a signal transduction cascade resulting in increased activity of protein kinase C and elevated intracellular Ca 2+ . WNT5A has also been shown to inhibit h-catenin signaling, a key process in the canonical Wnt pathway (11) . The role of WNT5A in CM progression is unclear but several studies suggest it may be important. Bittner et al. (9) found that low WNT5A expression could be used to define a group of CM with similar gene expression profiles and that, in vitro, this group had reduced cell motility and invasiveness. Conversely, high expression of WNT5A was found to lead to increased motility and invasion in vitro in melanoma cells, and in clinical samples, WNT5A protein expression increased during progression and showed a correlation with poor outcome (10) . However, the data on clinical samples were preliminary as only small numbers were analyzed, paving the way for a detailed study of the role of WNT5A.
CM has several clinicopathologically recognizable premalignant and malignant phases, as described by Clark's model (12, 13) . These are the following: the common acquired nevus, a usually stable benign lesion from which melanoma very occasionally arises; radial growth phase (RGP) melanoma, which has intraepidermal or minimally invasive growth and virtually no metastatic potential; vertical growth phase (VGP) melanoma, where the tumor has now progressed to frank invasion and has metastatic potential; and metastatic melanoma. Correlating molecular alterations to these recognizable patterns of tumor growth might allow key components of melanoma progression to be identified. This strategy has been used in studies of p16 ink4a expression loss, which were then linked to particular parts of Clark's progression model (14 -17) . The aims of this study were to evaluate the expression of WNT5A during CM progression and to use the comparatively well-characterized alterations in p16 ink4a protein expression to serve as a benchmark for comparison. In addition, this study sought to show whether WNT5A expression correlated with CM metastasis-free and overall survival.
Materials and Methods
Tissues and cell lines. Fifty-nine cases of primary CM (mean Breslow depth, 4.34 mm; SD, 3.14 mm) with matched metastases were selected from the tissue archives of the University Hospitals of Leicester, with local research ethics committee approval. A search for melanoma metastases was done from 1988 to 2003. Sequential cases with sufficient material remaining in the tissue block were selected. The primary tumors were from the lower extremities in 21 cases (35.6%), the trunk in 18 cases (30.5%), the upper extremities in 8 cases (13.6%), the head and neck in 8 cases (13.6%), and acral in 3 cases (5.1%), and in one case site was unknown (1.7%). Of the 59 metastases, 45 were in lymph nodes (76.3%), 11 in skin (18.6%), 2 in s.c. tissue (3.4%), and 1 in the liver (1.7%). In addition, 20 nevi and 35 RGP melanomas were identified from sequential cases retrieved from the University Hospitals of Leicester pathology archives in 2004.
A further set of melanomas was used in survival analysis (see below). These were retrieved from a database of cases that had been under follow-up in the dermatology department, University Hospitals of Leicester. This was an unbiased cohort of patients collected from 1983. Fifty cases were selected in an entirely random manner. After exclusions (6, block too thin; 1, not melanoma), there were 43 cases. They had a mean Breslow thickness of 1.68 mm (SD, 1.49 mm). Of these, 3 were from the head and neck, 7 from the lower limb, 8 from the upper limb, and 18 from the trunk, and in 7 the site was not documented. These 43 cases were combined with the 59 primary melanomas with matched metastases described above, yielding 102 primary CMs for survival analysis. The overall mean Breslow thickness for the 102 cases was 3.16 mm (SD, 2.77). All tissues were formalin fixed and paraffin embedded.
Melanoma cell lines (SKMel2, SKMel5, and SKMel28) were obtained from the American Type Culture Collection, whereas A375P (parental low metastatic) and A375M1 (metastatic; ref. 18) were supplied by the European Collection of Animal Cell Cultures. All of the American Type Culture Collection cell lines were maintained in EMEM (Sigma) plus 2 mmol/L L-glutamine and 10% fetal bovine serum, whereas A375P and A375M1 were maintained in RPMI 1640 supplemented with 2 mmol/L L-glutamine and 10% fetal bovine serum. Cultures were split or used at subconfluent densities less than 70% to 80% and maintained for no longer than 4 wk after recovery from frozen stocks. Cytoblocks of each cell line were prepared from suspensions of cells (2 Â 10 6 /mL) fixed for 30 min at room temperature in 10% formol saline. The cytoblock technique was done with the Shandon kit according to the manufacturer's instructions (Shandon, Inc.) The button of cells formed was routinely processed and paraffin embedded.
Western blotting. The expression levels of WNT5A were determined by Western blotting of melanoma cell lines SKMel2, SKMel5, SKMel28, A375P, and A375M1. Cells were counted and 3 Â 10 6 cells were lysed in ice-cold Gold Lysis Buffer containing a protease inhibitor cocktail (Sigma). The protein concentration of the lysates was quantified on a Lambda 25 UV/VIS spectrophotometer at 595 nm using the bovine serum albumin protein assay. Total protein (25 Ag) was loaded onto 10% (w/v) SDS-polyacrylamide gels. PAGE was run at 100 V for f1 h. The gel was washed once in transfer buffer (1.3 mmol/L SDS, 39 mmol/L glycine, 48 mmol/L Tris, 20% methanol) and electrotransferred onto a nitrocellulose membrane (Hybond ECL, Amersham Biosciences) using a wet transfer blot unit (Bio-Rad) at 100 V for 1 h at 4jC. Nonspecific binding sites were blocked by shaking the membrane at room temperature in TBS, 5% milk, and 1% Tween (TBST) for 1 h and then incubated overnight at 4jC with the primary polyclonal antibody goat anti-mouse WNT5A (0.2 Ag/mL; diluted 1:500; R&D Systems). A secondary antibody, biotinylated rabbit anti-goat Ig (1:1,000; Dako), was added for 1 h followed by streptavidin-biotin complex horseradish peroxidase (Dako) following the manufacturer's instructions. Blots were detected using an enhanced chemiluminescence detection kit (Amersham Biosciences). Membranes were subsequently stripped by incubation in 15% (v/v) hydrogen peroxide in PBS for 1 h and washed thrice in TBST before reprobing with a loading control, mouse monoclonal anti-h-actin (diluted 1:2,000; Sigma), and incubated overnight at 4jC. A secondary antibody, sheep anti-mouse IgG peroxidase conjugated (diluted 1:2,000; GE Healthcare), was incubated for 1 h at room temperature before detection by enhanced chemiluminescence (Amersham Biosciences). The sizes of bands detected were compared with Precision Plus Protein standards (Bio-Rad).
mRNA analysis. Polyadenylated RNA was extracted from cell cultures using oligo(dT)-labeled paramagnetic beads according to the manufacturer's instructions (Dynal). A cell lysate was produced from a monolayer of cells by washing them in sterile cold PBS. Approximately 2 Â 10 5 cells were resuspended in 250 AL of lysis binding buffer [100 mmol/L Tris-HCl (pH 8.0), 500 mmol/L LiCl, 10 mmol/L EDTA (pH 8.0), 1% (w/v) SDS, 5 mmol/L DTT] and passed through the pipette tip repeatedly to achieve complete lysis of the cells, which was stored at -20jC until RNA extraction with Dynabeads could be done.
Polyadenylated RNA was extracted and processed using oligo(dT)-linked Dynabeads (Dynal), as described previously (19) . Briefly, cell lysate in lysis/binding buffer was incubated with 50 Ag/mL proteinase K (Boehringer Mannheim) for 1 h at 37jC. The lysate was centrifuged for 30 s at 10,000 Â g, and the supernatant was mixed with oligo(dT)-linked Dynabeads. The mRNA was allowed to anneal to the Dynabeads for 10 min at room temperature. RNA-linked Dynabeads were washed twice in a buffer containing LiDS [10 mmol/L Tris-HCl (pH 8), 0.15 mol/L LiCl, 1 mmol/L EDTA, 0.1% LiDS; Dynal] and thrice in the same buffer but without LiDS. Dynabeads were finally resuspended in diethyl pyrocarbonate water. Reverse transcription reactions were carried out at 42jC for 1 h using Expand reverse transcriptase (Boehringer Mannheim) in accordance with the manufacturer's instructions. In a total volume of 25 AL, reactions contained 5 AL Expand reverse transcriptase buffer, 10 mmol/L DTT, 1 mmol/L each of deoxynucleotide triphosphates (all from Boehringer Mannheim), and 30 units RNasin (Promega) in diethyl pyrocarbonate -treated water. To the positive reverse transcriptase reactions, 50 units of reverse transcriptase were added, and to the negative reverse transcriptase reactions, an equal volume of diethyl pyrocarbonate -treated water was added. Primers for WNT5A and glyceraldehyde-3-phosphate dehydrogenase (GAPDH; see Table 1 ) were used and PCR was done using a Perkin-Elmer thermocycler. Reactions were carried out with 1 to 2 AL of cDNA template in a total volume of 50 AL containing PCR buffer [45 mmol/L Tris (pH 8. Research.
on April 13, 2017. © 2008 American Association for Cancer clincancerres.aacrjournals.org Downloaded from at 94jC for 5 min and held at the primer annealing temperature during the addition of 1 IU of Taq polymerase (Promega) followed by an extension step at 72jC for 30 s. For all primers, the following cycle profile was used: 95jC for 30 s, 60jC for 30 s, 72jC for 30 s for 35 cycles, with a final extension step at 72jC for 7 min. The PCR products were loaded on a 2% Seakem agarose gel (BioWhittaker Molecular Applications) or 3% NuSieve agarose (Cambrex) containing 15 Ag/mL ethidium bromide and gels were run at 150 V for 2 h. The resulting bands were visualized on a UV transilluminator and images were captured using a gel documentation system.
Immunohistochemistry. for WNT5A and rabbit anti-mouse (Dako) for p16 ink4a followed by streptavidin-biotin complex alkaline phosphatase (Dako). WNT5A was visualized in naphthol AS-BI phosphate and Fast Red TR in the presence of levamisole. p16 ink4a was visualized by 10-min incubation with nitroblue tetrazolium chloride/5-bromo-4-chloro-3-indolyl phosphate, toluidine salt (Roche Diagnostics). The p16 ink4a antibody had been used in previously published studies (20 -22) . Assays were run parallel with positive (breast myoepithelium for WNT5A; common acquired nevus for p16 ink4a ) and negative (primary antibody omitted) controls. Cytoplasmic and nuclear WNT5A was scored via a semiquantitative method based on the H-SCORE (23) . This provided a score between 0 and 300. Two observers agreed on reference fields graded as weak, moderate, and intense staining. These were photographed and used as a guide for scoring all cases. Interobserver agreement was measured using 12 randomly selected cases and an intraclass correlation coefficient indicated high agreement {intraclass correlation coefficient of 0.94 [95% confidence interval (95% CI), 0.82-0.98] for cytoplasmic staining and 0.91 (95% CI, 0.84-0.98) for nuclear staining}. A single observer 
ink4a nuclear staining and all sections were subsequently scored. Five hundred cells chosen from randomly sampled areas of the tumor or tumor growth phase in question were scored as having either positive or negative nuclear staining. From this, a percentage of p16 ink4a -positive cells within the tumor or tumor phase was derived. Statistical analysis. Nonparametric analyses were done. These included Mann-Whitney test for unmatched pairs and Page's L test for trend analysis of related samples. Analyses were done using Statistical Package for the Social Sciences release 12.0, except Page's L test, which was calculated manually. Survival was analyzed for two outcomes: time to metastasis and time to death from any cause. Times were calculated in months from the date of primary melanoma diagnosis to the date of event. For metastasis, patients were censored at last follow-up or time of death if it was unrelated to melanoma. For time to death, patients remaining alive were censored at last follow-up. Survival curves were generated according to the Kaplan-Meier productlimit method and were compared using the log-rank test for trend. Univariate and multivariate analyses of prognostic factors were based on the Cox proportional hazards model. The prognostic factors included in the multivariate analysis of primary melanoma were the following: age at diagnosis (V60 y or >60 y), sex, primary melanoma site (extremities versus trunk, head and neck, or acral sites), Breslow thickness (coded as V2.00 mm, between 2.01 and 4 mm, and >4 mm), nuclear WNT5A (cut into score tertiles), and cytoplasmic WNT5A (cut into score tertiles). The coding for clinical covariates was based on previously used definitions (24) . All variables were entered into the final regression model without variable selection procedures. The covariates obeyed the assumption of proportionality and there was no evidence of multicollinearity.
Results
WNT5A expression during tumor progression. Preliminary data, based on a single case, suggested that WNT5A protein expression increased with progression (10). To extend this finding, a set of 59 primary melanomas with matched metastases was analyzed. In addition, we analyzed p16 ink4a (14, 15, 17, 25 -28) to provide a benchmark against which to assess WNT5A expression.
From 58 primary VGP melanomas and their matched metastases (one of the original 59 matched pairs was excluded because the metastasis was necrotic), subgroups were identified based on whether cells from different phases of progression were present. The way these subgroups were extracted from the starting group of 58 melanomas and their matched metastases is illustrated in Fig. 1A alongside the median immunostaining scores for cytoplasmic WNT5A and nuclear p16 ink4a . Photomicrographs of immunostaining are shown in Fig. 1B , these being reference fields used for scoring cytoplasmic WNT5A (see methods above). Malignant parts of the tumors (i.e., RGP, VGP, and metastasis) showed a significant trend of increasing cytoplasmic WNT5A expression with progression (P = 0.013). Contiguous nevus cells were present in six cases and showed median cytoplasmic WNT5A staining that was higher than any part of the matched melanoma, explaining why no trend was seen in these cases (P = 0.42). A mosaic pattern of nuclear p16 ink4a staining was seen, as described by others (29, 30) . A trend of decreasing p16 ink4a was seen during progression in the 34 cases containing RGP, VGP, and metastasis (P = 0.006) and fell just short of significance in the 6 nevus-containing cases (P = 0.052).
High WNT5A expression in nevi. The finding of high WNT5A protein expression in nevi has not been described previously and differs from previous findings (2, 10). However, the six melanoma-associated nevi were a small sample and were biased toward those that had progressed to CM, thus were unrepresentative of nevi in general. Therefore, to validate this finding, an independent set of 20 common nevi (i.e., without associated melanoma) and 35 purely RGP melanomas (i.e., with no VGP) was analyzed (see Fig. 2 ). The cytoplasmic WNT5A staining score was significantly higher in these nevi than that in the 35 purely RGP melanomas (median, 144.3 and 69.2, respectively; P = 0.04), suggesting that WNT5A expression is genuinely high in nevi. To ensure that the findings were not related to a specific batch of antibody, 8 of the 20 common nevi with sufficient tissue were selected, including examples with both relatively strong and weak WNT5A. These were restained with a new batch of antibody. Replicate staining of a nevus with two batches of antibody is shown in Fig. 3A . An intraclass correlation coefficient was calculated to determine the level of agreement between these eight cases. A value of 0.82 indicated almost perfect agreement (31, 32) . As a last validation step, we looked for evidence that the WNT5A antibody was detecting the appropriate protein in formalin-fixed, paraffin-embedded material, this being the starting material for our nevus and melanoma samples. To do this, formalin-fixed, paraffinembedded cytoblocks were prepared from melanoma cell lines, some of which had known expression. Immunostaining for WNT5A in these samples was then compared with expression in fresh samples of matched cells, as measured by reverse ink4a score in the 20 isolated nevi was significantly higher than that in the 35 purely RGP melanomas (median, 52.1 and 29.1, respectively; P < 0.001).
WNT5A expression and outcome. The 59 primary melanomas with matched metastases were combined with a further 43 primary melanomas from a database of consecutive cases with known outcome, yielding a total of 102 cases. The 35 purely RGP melanomas were not included because such melanomas are not believed to have metastatic potential (12) . Nuclear WNT5A was also assessed, as this has been previously analyzed by Bachmann et al. (2) .
Survival was initially assessed using Kaplan-Meier analysis by arbitrarily dividing the cases into tertiles of WNT5A immunoscores. The results are shown in Fig. 4 with P values calculated using the log-rank test. An established prognostic marker, Breslow depth (36) , is also shown. The findings for Breslow depth are in line with published results and thus lend some support for the validity of the WNT5A data. This preliminary analysis showed that the lower and middle tertile groups of cytoplasmic WNT5A immunostaining had similar survival and were therefore combined into a single group that was compared with the highest tertile for all regression analyses (similarly for nuclear WNT5A). Univariate and multivariate models were constructed using Cox proportional hazards regression. Eight cases with missing ''site'' data were omitted. The results are summarized in Table 2 . In the univariate analysis, cytoplasmic WNT5A, Breslow thickness, and age were significant predictors of both time to metastasis and time to death from any cause. Male gender was a significant predictor of time to metastasis only. Site and nuclear WNT5A were not significant for either outcome. A multivariate model was developed and cytoplasmic WNT5A, Breslow thickness, gender, and age were all significant predictors of both time to metastasis and time to death from any cause. There was no evidence of a significant interaction between cytoplasmic WNT5A and Breslow thickness, suggesting that strong cytoplasmic WNT5A increases the hazard of metastasis regardless of melanoma depth. Together, these data suggest that cytoplasmic WNT5A is a risk factor for outcome in CM when controlling for other clinicopathologic variables.
Discussion
WNT5A expression during CM progression. Bittner et al. (9) concluded that CM cell lines expressing higher levels of WNT5A were more invasive and motile (9) . This is in accord with the findings of the present study, where high levels of expression all used the same antibody, some of these discrepancies could be due to different methods of antigen retrieval, staining, and scoring, which were not identical between the studies. Because of these discrepancies, primarily relating to the level of WNT5A in nevi, we attempted to validate our findings. First, we ensured that the data were not due to variation between antibody batches, and second, we determined that the levels of WNT5A detected by the antibody in formalin-fixed, paraffin-embedded material were commensurate with levels detected by RT-PCR and Western blotting in fresh material. There was agreement between levels of expression by all methods at mRNA and protein levels, including formalin-fixed, paraffin-embedded samples. For A375P and A375M1, there was also independent corroboration from published data (35) . The results supported the validity of the WNT5A antibody and support our findings.
Alterations of p16 ink4a are comparatively well studied and were used as a benchmark against which cytoplasmic WNT5A expression could be examined. The finding that p16 ink4a shows diminishing expression from nevus to metastasis is in accord with previous reports (14, 15, 26 -28) . Overall, these data indicate that CM shows progressive loss of p16
ink4a , whereas cytoplasmic WNT5A shows progressive increase.
The data allow some speculation as to possible interplay between the two alterations. It has been shown that induction of p16 ink4a leads to premature senescence (30) . It is likely therefore that loss of p16 ink4a function in melanoma removes a melanocyte senescence barrier and allows uncontrolled proliferation. In this scenario, increasing WNT5A expression could allow further progression by affecting the additional cancer phenotypes of motility and invasion. A recent study sheds light on the mechanisms underpinning this effect (4): WNT5A, acting through protein kinase C, mediates epithelial-mesenchymal transition via Snail up-regulation and suppression of E-cadherin. Epithelial-mesenchymal transition is believed to be a key event for acquisition of an invasive phenotype. Some speculation about high cytoplasmic WNT5A in nevi can also be made. It may induce a motile phenotype, similar to that in metastatic cells, thus allowing nevus cells to undergo their characteristic migration into the dermis. However, subsequent p16 ink4a expression then induces senescence to prevent further progression. Alternatively, it is possible that WNT5A has different effects in nevi compared with melanoma because the different cell contexts result in activation of different downstream pathways. Thus, in the context of nevus cells, WNT5A activity might cause inhibition of canonical Wnt signaling, resulting in a tumor suppressor effect by restraining the oncogenic effects of nuclear h-catenin (11, 39) . The subsequent marked reduction in WNT5A in cells that progress to the RGP might represent loss of this tumor-suppressive effect in early melanoma, whereas in advanced melanoma, as the cellular context changes yet again, the oncogenic effects of WNT5A signaling through protein kinase C might supervene (4, 10) . Context-dependent changes such as these are akin to those described for the transcription factor MITF (40) .
WNT5A and outcome. The samples in this study were biased toward thick metastatic lesions. Nevertheless, the analysis was helpful in providing a preliminary assessment of the contribution of cytoplasmic WNT5A expression to outcome, but the relevance to melanoma in general will require investigation of an unbiased sample of CMs. Previous studies of WNT5A expression and survival have been done. Weeraratna et al. (10) did a small study of tumor tissue, including 8 nevi, 10 primary melanomas, and 9 metastases, studying membranous WNT5A (although showing cytoplasmic staining, as mentioned above). These authors stated that WNT5A expression correlated strongly with both survival and time to metastasis. However, there was no statistical analysis to support this statement, with only four deaths recorded in total, and no correction for baseline variables such as Breslow depth. However, these authors do point out that their data from analysis of tumor tissues are preliminary and that further work on larger tumor series would be required. The data of the present study therefore extend that of Weeraratna et al. Bachmann et al. did a study that included both cytoplasmic and nuclear WNT5A staining. Nuclear WNT5A was tested as a predictor of 5-and 10-year survival rate and, as in our study, was not significant. The effect of cytoplasmic WNT5A on outcome was not explicitly stated. Given that WNT5A is a secreted ligand produced in both nevus and melanoma cells (37) , its presence in the cytoplasm of these cells would be a reasonable marker of protein expression. However, the significance of its presence in the nucleus is unclear. In particular, it is difficult to be sure that this does not represent an artifact. There are no other reports of WNT5A in the nucleus, although it is known that other secreted ligands can be found in the nucleus, as with fibroblast growth factor 2 (41) . Whatever the role of nuclear WNT5A, if indeed any, our results suggest that it is not important in prediction of survival in melanoma patients.
Conclusions. In summary, these data show that expression of cytoplasmic WNT5A increases with CM progression and that its expression is a risk factor for outcome. Further studies will be necessary to determine the extent to which the present findings are applicable to an unbiased sample of melanomas.
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